Since it is recognized that carbohydrates, as free oligosaccharides and constituents of glycoconjugates, play important roles in cell-to-cell interactions and in differentiation and many biological functions of glycoproteins, a variety of analytical techniques have been developed for high sensitive detection and analysis of complex oligosaccharides obtained from a variety of biological media.
Introduction
Since it is recognized that carbohydrates, as free oligosaccharides and constituents of glycoconjugates, play important roles in cell-to-cell interactions and in differentiation and many biological functions of glycoproteins, a variety of analytical techniques have been developed for high sensitive detection and analysis of complex oligosaccharides obtained from a variety of biological media. 1, 2 Presently, among many analytical techniques, mass spectrometry has been recognized to be a highly powerful technique for the determination of molecular weights and for structural analysis for a variety of carbohydrates. However, because of the low proton affinity and ionizability of free oligosaccharides, especially neutral oligosaccharides, the mass sensitivity and the detectable mass range of free oligosaccharides are generally poor in comparison with those of proteins and nucleic acids in positive ion mode. In order to solve these problems, a number of derivatization methods such as permethylation, peresterification, reductive amination and malononitrile addition have been developed. [3] [4] [5] [6] [7] [8] The malononitrile derivatization method, which was developed by our group through an application of the addition reaction of malononitrile with free oligosaccharides, is useful for high-sensitivity analysis of oligosaccharides by electrospray ionization mass spectrometry (ESI-MS). 9, 10 The malononitrile derivatization of oligosaccharides was conducted under mild basic aqueous conditions without any reagent except for an inorganic base catalyst and the volatile malononitrile (Fig. 1) . Thus we could conduct high-sensitivity analyses of unpurified oligosaccharide derivatives using negative-ion ESI-MS without any sample pretreatment procedure.
Although no signal due to fragments from the "peeling reaction", which is a degradation side-process of oligosaccharide catalized by base, is detected in the malononitrile derivatization condition following the published method, 8 the possibility of the "peeling reaction" is present theoretically. 11, 12 Another possibility is the cleavage of base labile functionality resulting from using an inorganic base in the malononitrile derivatization reaction. So the discovery of a milder but more effective catalyst for conversion of oligosaccharide to its malononitrile derivative is desirable.
Here, we introduce a new organic base catalyst to remove these possibilities. And we want to show that this catalyst is more efficient for the derivatization reaction and the direct mass analysis thereof and more suitable to MS apparatus than an inorganic base.
Experimental

Chemicals
Maltoheptaose and piperidine were obtained from Aldrich. Malononitrile and 30% ammonium hydroxide aqueous solution was purchased from Sigma.
Derivatization of oligosaccharide
In an Eppendorf tube, maltoheptaose (0.12 mg, 0.1 µmol) dissolved in water (2.5 µL) was mixed with malononitrile (0.12 mg, 1.8 µmol) dissolved in methanol (7.5 µL). Then the concentration of piperidine in the reaction solution was adjusted to 200 mM. The reaction tube was shaken for several seconds, then incubated at ambient temperature for about 4 h.
Analysis of sample
A portion of the reaction mixture (0.2 µL) of the derivatized maltoheptaose was diluted to a suitable concentration with water, then infused into the ESI mass spectrometer. All ESI mass spectrometry experiments were conducted using a Quattro triple-quadrupole mass spectrometer (Micromass, Manchester, UK), which is equipped with an ESI ion source and coupled to a capillary HPLC system (Model LC-10 AD, Shimadzu, Japan). All spectra were recorded as negatively double-charged adducts in negative ion mode. The capillary voltage was 2.26 kV, and the cone voltage was 20 V. Nitrogen heated at 100˚C was used as a drying gas, and was introduced at a flow rate of 1.0 L/min. 
Results and Discussion
The derivatization reaction of an oligosaccharide with malononitrile to an oligosaccharide-malononitrile compound was conducted effectively by an inorganic base catalyst. 8 But for the removal of possibilities of the "peeling reaction" and of the basic hydrolysis of base-labile functionality and for the best derivatization reaction condition and analysis condition of the derivative, we tested several organic bases as a catalyst, and some of the results were reported in an earlier paper. 9 Ammonium hydroxide accentuated the reaction exceedingly, and resulted in multiple additions of malononitrile or ammonia moieties. On the other hand, the basicity of pyridine was too weak to promote the malononitrile derivatization reaction effectively.
From these results, we investigated the effect of triethylamine, which is more basic than pyridine, as a base catalyst. As shown in Fig. 2a , the spectrum of the unpurified sample prepared using triethylamine as a base catalyst showed that maltoheptaose was derivatized to several components. The signal of the desired maltoheptaose-malononitrile derivative is shown at m/z 599.2 as negatively double-charged adduct. Several peaks with higher masses than the expected value, m/z 599.2, also appeared. So this proved that triethylamine is not proper as a catalyst for the derivatization.
But piperidine, the general catalyst for Knoevenagel type reaction, 13 effectively catalyzed the conversion of maltoheptaose to its malononitrile derivative. And as a result, unpurified malononitrile derivative was detected as a single signal at m/z 599.2 with good signal to noise ratio at 20 pmol level after incubation for 5 h (Fig. 2b) . No noticeable signal due to impurities of reaction was detected.
Next, we investigated the changes in mass spectra of unpurified maltoheptaose-malononitrile derivative dependent on incubation time. Figure 3a shows the spectrum obtained from the crude sample of maltoheptaose-malononitrile derivative incubated for 4 h. Piperidine accentuates the Knoevenagel type reaction through the formation of iminium intermediate of aldehyde and piperidine. The conversion of maltoheptaose to its malononitrile derivative proceeded cleanly within 4 h. This means that piperidine is a milder organic base, but a more effective catalyst for the malononitrile addition reaction to oligosaccharide. As the incubation time increased, several unexpected signals appeared with weak intensity in the molecular weight region higher than the expected value, m/z 599.2, of the desired maltoheptaose-malononitrile derivative (Fig. 3b) . The unexpected signals observed above m/z 599. derivatives. 9 Actually, the observed ions at m/z 632. (Fig. 3c ). Even at 200 attomol level, maltoheptaosemalononitrile derivative was detected with good signal to noise ratio without any pre-purification treatment. This is a superior result to that for the case in which an inorganic base (sodium hydroxide) was used as a catalyst. 8 
Conclusion
Piperidine is a milder, but a more effective organic base to catalyze the malononitrile addition reaction to oligosaccharide compared to inorganic bases in highly sensitive mass analysis, and is especially profitable for derivatization of oligosaccharides having a base-labile functionality. Furthermore, because of the high volatility of piperidine, the use of piperidine as a catalyst is more suitable to MS apparatus than an inorganic base catalyst, and enables the direct analysis of malononitrile-oligosaccharide derivative with high sensitivity (about 200 attomol level) without any pre-purification treatment.
